The end effect in a bunched beam is caused by the space-charge forces, which accelerate particles at the bunch head and decelerate particles at the bunch tail. It occurs in high-current linear accelerators and rings [I].
INTRODUCTION
A compact electron ring, UMER, [2,3,4] is designed and being developed at the University of Maryland for transport of a low-energy, highly space-change dominated beam in a circular lattice. A 10 keV, 100 mA, 50 ns electron beam is injected into the ring from the injector. The ring has 36 dipoles and 36 FODO focusing periods to keep the beam along the designed orbit.
When a hunch with a rectangular current profile is transported, the strong longitudinal space charge force causes an edge erosion and large energy spread [SI.
Three induction gaps are used to restore the pulse shape. The energy of the bunch edge varies periodically due to the longitudinal expansion and restoration. In UMER, the maximum energy difference between the edge and the main part of the bunch is as large as 1.5 keV, which is 15% of the beam energy. This large energy difference leads to a serious deviation from the desired beam orbit when these edge particles go through a circular lattice with dispersion. Also, the focusing function of quadrupoles, which depends on the particle energy, will be different to the edge particles. Therefore, the head and tail particles have different behaviour and may be lost. Before reaching the "cusp" point, the expanded bunch can be restored by an "ear field" produced by induction gaps. After the bunch is contracted back into a rectangular shape, it will repeat the expansion. Thus, the energy of the head particles vary periodically from 1.5 keV higher than the beam to 1.5 keV lower than the beam, with the same time-average value as particles in the main part of the beam.
..... 
MODEL USED IN CALCULATION
In this paper, a simple one-dimensional model is developed to estimate the ratio of particle loss due to the end effect. It is supposed that the transverse space charge effect can be neglected due to the relatively small line charge density at the edge of the bunch. And the longitudinal space charge only changes the energy of particles, and therefore, the focus function of quadrupoles and the bending radius in the dipole. The particle motion is tracked by the matrix formalism 161.
The hard edge approximation is made for the quadrupoles and dipoles. The focusing function of the quadrupole is determined by the energy of the particle at the time it passes through the quadrupole. The particle gets a kick in the horizontal direction when it goes 0-7803-5573-3/99/$10.00@ 1999 IEEE.through the dipole; the strength of the kick depends on the particle energy. A MATLAB program is written to calculate the particle trajectory by using the matrix formalism.
The particles whose oscillation amplitude is larger than 20mm are considered lost, and whose amplitude is less than 20mm will remain in the beam pipe. By varying the initial condition ( x .~' ) of the particle at some longitudinal location L and observing the maximum deviation, the stable area in the phase space at the location z for that particle is obtained. After comparing the stable area with the matched beam distribution in the phase space, the ratio of particle loss at the position z is known. Several particles were picked up in calculation according to their longitudinal positions in the bunch. These particles are marked in Figure 1 . They are: head A, head E, tail A, tail E, and tail F.
There are three induction gaps in one revolution and 12 FODO periods between two adjacent induction gaps. One period is defined as from the middle of the long drift section to the middle of the next long drift section. The matrix elements are as following [6] 
CALCULATION RESULTS
The matched beam distribution in phase space is obtained by TRACE-2D [7] . It is further supposed that the beam is uniformly distributed inside the ellipse of the matched beam distribution in phase space.
The acceptance is obtained by sending an ideal particle with initial condition ( x .~' ) into the FODO lattice, and observing its maximum amplitude of betatron oscillation. The initial conditions (x,x') which corresponding to maximum amplitude of 20 mm compose the acceptance ellipse. For lOkeV ideal particle, the acceptance is shown in Figure 2 (the large ellipse) with the matched beam distribution (the small ellipse). In order to know the ratio of the particle loss, the stable area is compared with the matched beam distribution. The stable area of the head particles and tail particles are shown in Figure 3 and Figure 4 . The ellipses are corresponding to the initial condition ( x , x ' ) that causes 20 mm deviation; so the particles outside of the stable area ellipse will be lost.
From Figure 3 , the ratio of particle loss for particle head A and head E are 0.4 and 0. So the ratio of particle loss in bunch head is less than #of particles between AE #of particles between AH '0.4 = 3.7%.0.4 = 1.5%
From Figure 4 , the ratio of particle loss for particle tail A, tail E, and tail F are respectively 0.5, 0.3 and 0. So the ratio of particle loss in hunch tail is less than There is 5% of particles located in the head and tail. So, the total ratio of particle loss is less than 5% x 4.5% f 2 + 5% x 1.5% + 2 = 0.15% In some experiments when we care more about beam position, the induction gaps will be changed into resistive beam position monitors, resulting in no periodic energy variation. In Figure 5 and Figure 6 , the stable area in this case is compared with that of three induction gaps. From the comparison we know that the stable area is larger if there is no induction gap. The ratio of loss is smaller compared to the case with three induction gaps. However, this model only applies to the first three turns before the ''cusp" point. After that the model is no longer correct.
Simulation by code CIRCE [SI is going on. But there is no final result yet. The first author would like to acknowledge Bill Sharp of LLNL for his great help in using this code.
SUMMARY
The calculation results show that the end effect is not of serious concern in UMER. In the case of no induction gaps, for the first three turns considered here, the particle loss rate is negligibly small. In the case of three induction gaps, less than 0.15% particles will be lost for a small number of turns. This number is small enough so that no special arrangement is needed to overcome this effect during the initial operation of UMER.
